An experimental study is conducted using a pneumatic long-wave generator (also known as a Tsunami Generator). Scaled tsunami waveforms are produced with periods in the range of 5 to 230 seconds and wave amplitudes between 0.03 to 0.14 metres in water depths of 0.7 to 1.0 metres. Using Froude similitude in scaling, at scale 1:50, these laboratory waves are theoretically dynamically equivalent to prototype tsunami waveforms with periods between 1 to 27 minutes and positive wave amplitude between 1.5 to 7.0 metres in water depths of 50 m.
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The purpose of these tests is to demonstrate that the pneumatic method can generate long waves in relatively short umes and to investigate their runup. Standard wave parameters, (free-surface, wave celerity and velocity proles) are used to characterise the waveforms. It is shown that for the purpose of runup and onshore ingression, minimal interference from the re-reected waves is observed.
By generating tsunami waveforms with periods greater than ≈ 80 s (≈ 9.5 mins prototype scale) the available experimental data set is expanded and used to develop a new runup equation. Contrary to the shorter waves, shoaling of these longer waves is insignicant.
For waveforms with periods greater ≈ 100 s the runup is best described by wave steepness not potential energy. When tested against available runup equations the results are mixed; most perform poorly for scaled tsunami length periods. A segmented regression analysis is performed on the data set and an empirical runup relationship is provided based on a new parameter termed the`Relative Slope Length'.
Introduction
Tsunami waves are progressive gravity waves most commonly generated by under-sea 
where g is acceleration due to gravity and X is the horizontal coordinate (1a).
124
The next steps in the development of the PLWG method is to apply it to a longer ume The 2nd generation PLWG, whose set-up and operation is described in 2, is able to between the 1st and 2nd generations is described in Allsop et al. (2014) .
136
This paper presents the experimental results from the rst testing programme to be car-137 ried out using the 2nd generation PLWG. The aims of this paper are (1), to demonstrate 138 that it is possible to generate a Froude-scaled tsunami-length wave in a ume that is signif-139 icantly shorter than the incident wavelength and (2), to explore the runup and behaviour of waves that are of tsunami length. Aim (1) is the natural progression of the PLWG from of the lack of absorption at the generator and the open-loop generation method, as well as build on those works by increasing the period tested to tsunami-lengths and providing data 144 repeatability at this period. Aim (2) builds on the available published data sets of runup by 145 going some way to addressing the apparent gap in runup data for tsunami-length waves.
146
The laboratory set-up and methodology is presented rst. Next, the analysis of the 147 scaled waveforms and reections is described, and the signicance of the experimental runup 
Instrumentation and Data Collection 175
The waveform η(X, t), is recorded in the oshore (constant depth region X = 0 to 65.6 m), 176 the nearshore (above the sloping bathymetry X = 65.6 to 84.9 m) and onshore (beach X 177 = 84.9 to 89.9 m) regions of the ume using 16 resistance-type wave gauges (accuracy ± T , positive and negative amplitudes a + and a − respectively, and t start and t end .
Repeatability 239
To ensure repeatability of the waveforms and the inferences made from the observations, the 240 waves listed in Table 2 are repeated at least four times. The mean and standard deviation (σ) 241 of the a + , a − , C exp , λ, runup (R) and the potential energy (E p , dened using Equation (4) 
Empirical Model for the Runup of Tsunami 530
To determine an improved t to the new long wave data set, the following analysis identies (as the waveforms become larger), the energy is distributed over the larger waveform with a 548 shallower steepness, leading to a lower runup. The implication is that in the case of waves 549 scalable to tsunami-length, λ/a + is a more useful variable in describing R, whilst at much 550 shorter periods, it is a less useful parameter than a + and E p .
551
Figure 13: R as a function of a)
function of λ/a + for all waves tested.
An empirical t to the data is now sought for the composite wave data presented. To 
606
The presented data set poses an interesting question regarding the denition of amplitude.
607
While the shorter waves shoal the longer non-shoaling waves are eectively`pre-shoaled' in 608 the water depth that they are generated. In greater water depths, these waves would be generated with smaller amplitudes, corresponding to a longer slope over which they will 
673
The discussion and analysis of the long wave data set presented implies the depth at which 674 a tsunami wave is dened is a key variable in determining whether its amplitude is absolute in a particular position, possibly altered by wave interference). Reected components of the incident wave are shown to interfere with the rear portions of the wave. For trough-led 678 waves the crest amplitude may be decreased by the reected trough. This suggests that runup 679 models need to take into account the wavelength, celerity and depth at which the tsunami 680 wave is dened to consider the eect of reections on the amplitude and its denition.
681
The tests show that the denition of oshore wave amplitude is non-trivial and may 682 greatly aect the predicted relative runup of a given wave. This appears to be a general 683 issue for all types of tsunami simulation in the laboratory. Together these observations and 684
proposed runup model provide a framework for future numerical studies of the topic. [m]
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